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ABSTRACT 


It  is  becoming  aoro  apparent  that  a  fair  proportion  of  high-f requoncy 
backseat  tor  froa  level  portions  of  the  earth's  surface  results  from  upright 
targets  such  as  trees  and  buildings.  Using  the  standlng-wavo  method,  at  26 
VOlr.,  trees  have  been  investigated  at  angles  of  incidence  (with  respect  to 
the  horizontal)  up  to  22.5*.  It  was  f >und  that  a  tree  nay  provide  signifi¬ 
cant  scatter. 

The  present  undertaking  was  to  measure— by  the  same  technique- -back- 
sentter  froa  cenent  walls  of  different  sizes  and  conditions  at  26  iflz. 

Using  a  balloon-borne  transmitting  antenna  and  teleoeterlng  probe,  cross 
sections  for  both  horizontal  and  vortical  polarization  were  obtained  for 
angles  of  incidence  between  2.5*  and  22.5*.  Magnitudes  of  cross  sections 
wero  such  greater  for  vertical  polarization  at  lower  angles  of  incidence. 

For  angles  of  Incidence  other  than  broadside,  but  with  the  radiation 
perpendicular  to  the  intersection  of  the  wall  and  the  ground,  the  wall- 
ground  combination  behaved  as  a  corner  reflector;  the  experimental  results 
for  larger  walls  showed  agreement  with  the  corresponding  theory.  Subse¬ 
quent  extrapolation  of  the  theory  suggests  that  buildings  may  have  cross 
sections  much  higher  than  trees. 

A  comparison  of  wall  scatter  to  that  from  a  large  oak  tree,  and  con¬ 
sideration  of  other  city  targets,  suggests  that  at  low  angles  of  incidence 
horizontally  polarized  scatter  should  be  larger  from  cities  than  from  for¬ 
ests,  primarily  at  the  upper  end  of  the  IIF  spectrum.  Although  an  average 
building  may  have  a  cross  section  as  much  as  16  db  larger  than  that  for  an 
average  tree,  trees  far  outnumber  buildings  in  the  large  areas  illuminated 
by  HF  radar;  therefore,  trees  may  be  the  primary  source  of  vertically  po¬ 
larized  ground  backscatter.  A  knee  was  observed  in  the  curves  for  cross 
section  vs  angle  of  incidence;  however,  the  knee  was  not  as  pronounced  for 
the  wall  as  that  occurring  for  a  large  oak  tree.  This  variance  suggests 
that  scatter  froa  buildings  may  be  higher  than  that  from  trees  at  tho  low¬ 
er  angles  of  incidence. 

Backscatter  signal  enhancements  from  cities  at  particular  frequencies 
might  provide  an  indication  of  the  magnitude  of  building  scatter  from  a 
particular  target  area. 
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A' 
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on  arbitrary  vail  dimension 

-  fo>Vfo 
<‘u  -  'oV'o 

2A  cos  t 
o 

physical  area  of  one  wall  face 

a  constant  used  to  deteralne  E^  for  horizontal  polarization 

o/l  a  the  relative  free-space  cross  section 

speed  of  light  In  free  space 

capacitance  of  plates,  cr^0 

capacitance  of  plates  In  free  space 

capacitance  added  by  Q  motor  when  plates  are  connected 
total  parallel  capacitance  In  circuit 
thickness  of  a  wall 

shortest  distance  between  building  rows 

field  strength  of  the  Incident  radiation  at  the  target  position 
In  the  absence  of  the  target 

field  strength  at  tho  position  of  the  peak  In  the  background 
In  the  absence  of  the  ground 

field  strength  of  tho  backscattered  radiation  at  a  distance  r 
from  the  target 

lower  3-db  cutoff  frequency  In  Q  measurements 
upper  3-db  cutoff  frequency  In  Q  measurements 
center  frequency  In  Q  measurements 

a  factor  used  In  determining  E^  for  vertical  polarization 
a  factor  used  In  determining  E4  for  horizontal  polarization 
gain  of  transralttlng/recelvlng  antenna 
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full  height  of  wall 

hoight  of  scattering  powor/tolcphono  lino 
hoight  of  probe 

hoight  of  a  narrow  horizontal  target  scattoring  sogment 

horizontal  illumination  factor 

vortical  illumination  factor 

propagation  constant  in  free  space,  2rf\ 

propagation  constant  of  the  wall 

Inductance  of  work  coil  used  in  capacitor-Q  technique 

represents  orror  in  moasured  E  due  to  nonconstant  phase- 
range  dopondence 

receiver  power  fr«m  backscatter 

transmitted  power 

Q  of  capacitor  measured  with  wall  material  dielectric 
indicated  Q 
actual  Q 

distance  between  baso  of  target  and  probe 

ground-rof lectcd  distance  to  the  probe  from  a  horizontal 
targot  segment 

rango  from  target  at  which  extrapolation  was  performed  to 
determine  e|°®,  usually  60  ft 

direct  distance  to  probe  from  a  horizontal  targot  segmont 

distance  botwoen  tho  transmitter  and  the  probe,  -  r 

distance  betwoen  the  transmitter  and  the  target 

distance  between  tho  transmitter  and  the  position  of  tho  null 
in  tho  background 

distance  botwoen  the  transmitter  and  the  position  of  the  peak 
in  the  background 

reflection  coefficient  of  tho  ground 
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gv 


wd 


ww 


T1  ,T2 


o 


uo 


reflection  coefficient  of  the  ground  for  horizontal  polarization 

reflection  coefficient  of  the  ground  for  vertical  polarization 

reflection  coefficient  of  tho  wall 

reflection  coefficient  of  the  dry  wall 

reflection  coefficient  of  the  wet  wall 

resistance  which  represents  a  lossy  dielectric 

factor  to  relate  the  relative  to  the  actual  froe-space  cross 
section 

represent  transfer  functions  used  in  capacitor-Q  technique 

transmitter  voltage  that  croates  null  in  probe  telomctcr 
output;  l/v  is  relative  field  strength 

voltage  across  capacitor  measured  in  capacitor-Q  technique 
voltage  of  RF  generator  in  Q  meter 

V  at  f 

c  t 

V  at  f 

c  u 

normalized  V  for  parallel  resonant  circuit 

normalized  V  for  parallel  resonant  circuit 

u 

horizontal  distance  to  target,  r  cos  ♦ 


fj  angle  between  incident  rays  and  rows  of  buildings 

6  path  difference  between  two  rays 

path  difference  between  ground-reflected  and  direct  rays  at  a 
N  null  in  the  background  field  variation 

path  difference  betwoen  ground-reflected  and  direct  rays  at 
P  a  peak  in  tho  background  field  variation 

€  relative  dielectric  constant 

r 

€  cemplox  relative  dielectric  constant  for  the  ground 

rc 

g 

€  complex  rolativo  dielectric  constant  for  a  wall 

rc 
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radian  frequency,  2nf 
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♦  angle  of  incidence  of  incoming  radiation,  measured  to  the 
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<7  conductivity 

aQ(t)  ruder  cross  section  as  a  function  of  angle  5f  incidence 

<r_  theoretical  free-space  radar  cross  section 
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I.  INTRODUCTION 


At  present,  much  information  about  the  ionosphore  la  gained  through 
high-frequency  barkacatter  soundings.  It  la  also  hoped  to  utilize  back- 
scatter  aeunding  In  identifying  different  types  of  terrain.  However,  In 
order  to  obtain  reasonably  accurate  quantitative  results,  tho  total  back- 
scattered  power  from  the  illuminated  area  must  be  known.  This  may  bo  ob¬ 
tained  through  a  knowledge  of  the  radar  crosa-aoctional  area  of  the  target. 
Oackscattcr  properties  of  the  ground  have  been  the  subject  of  mnny  investi¬ 
gations.  Oackscattcr  coefficients  for  different  terrains  and  angles  of  In¬ 
cidence  were  measured  by  Hagn  at  32.8  Mfz  [Ref.  lj.  Steole  [Refs.  2,3 
obtained  results  for  more  general  types  of  terrain  using  a  161317  backscat- 
ter  sounder  and  assuming  smooth  ionospheric  conditions. 

It  was  suggested  by  Steele  [Refs.  2,3  that  tho  backscatter  from  land 
Is  primarily  associated  with  upright  targets  (such  as  trees  and  buildings), 
and  only  secondarily  with  ground  contour  roughness.  To  investigate  this, 
Steele  and  Barnum  [Ref.  4]  developed  s  method  for  deducing  free-space  radar 
cross  sections  of  land  objects  using  the  standing-wave  method  [Ref.  5?.  At 
26  MHz  it  was  found  that  a  tree  behaves  like  a  resonant  target— for  both 
horizontal  and  vertical  polarization— and  is  capable  of  producing  signifi¬ 
cant  backscatter.  In  that  investigation,  metal  street-lighting  masts  had 
the  largest  cross  section  of  the  various  targets  measured. 

Backscatter  from  a  ground  target  Includes  the  ground  as  part  of  tho 
target,  and  cross  sections  are  therefore  a  function  of  angle  of  incidence. 
Using  the  same  technique  of  field  measurement  as  Steele  and  Barnum  ,Ref.  4  , 
Steele  [Ref.  6,  developed  a  method  for  measuring  tho  cross  section  of  a  tree 
at  different  angles  of  incidence.  It  was  found  that  a  tree  behaves  like  a 
conducting  dipole  for  both  horizontal  and  vertical  polarization.  Below  20* 
scatter  was  generally  stronger  for  vertical  polarization  than  for  horizontal, 
and  at  10*  a  pronounced  knee  effect  was  observed  for  vertical  polarization. 

If  cities  provldo  significant  scatter  compared  to  forests,  they  might 
be  identifiable  in  sweep- frequency  radar  backscatter.  In  this  connection, 
tho  radar  cross  section  of  buildings  would  bo  of  groat  interest.  As  with 
most  targets,  city  and  forest  cross  sections  should  be  some  function  of 
frequency,  and  the  particular  function  will  affect  this  identification. 
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The*  present  undertaking  was  to  aeasure  the  backscstter  fros  various 
sires  and  condition,  of  ceaent  block  walls,  and  froe  these  aeas*iret*ents 
deduce  their  rsdar  cross  sections  ss  a  function  of  angle  of  incidence  snd 
wall  sire.  Steele's  not hod  (Ref.  6  wss  employed  at  25.9  V3lr  over  angles 
of  incidence  ranging  fro*  2.5*  to  22.5*.  kail  sires  ranged  froa  5  ft  high 
and  10  ft  wide  to  20  ft  high  and  20  ft  Tide.  Soa#  walls  were  aeasured  both 
wot  and  dry.  One  wall  was  also  covered  with  chicken  wire,  another  con¬ 
tained  vertical  aetal  rods  abedded  in  the  wall,  wh«ch  slauleted  support 
used  in  actual  construction.  Most  of  these  results  have  been  predicted 
by  wctrel  (Ref.  7  ,  and  aeasureaent  cf  the  electrical  constants  of  the 
wall  enabled  his  theory  to  be  calculated  and  coapared  with  experimental 
results. 

It  was  possible  to  predict  relative  aagnltudes  of  building  and  tree 
cross  sections.  Knowledge  of  these  cross  sections,  togother  with  those 
for  other  city  targets,  enabled  approxlaate  comparisons  to  be  aade  between 
forest  and  city  scatter  for  both  pol srlr.stions. 
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XI.  THEORY 


Assualng  f ree -space  propagation  (no  Ionosphere),  the  radar  cross 
aectlon  la  defined  by  lta  radar  equation, 


P 

r 


2  2 
P JO  \ 

- O  cr 


(4a)  R 


o 


0) 


•here  ■  received  pover 

PT  ■  transmitted  pover 

R  ■  dlatance  to  the  acatterer 

o 

G  ■  Rain  of  the  transai it lng 'receiving  antenna 
\  ■  wavelength 


Froa  this  ve  deduce  that 


A  .  „2 
0„  -  4rJt 
D  o 


(2) 


R 

where  E  is  the  field  strength  of  the  backscattered  radiation  a* 
measured  at  the  transaltter,  and  E^  Is  the  field  strength  of  the 
Incident  radiation  at  the  target. 

If  we  aeasure  E  nt  aoae  particular  dlatance  r  froa  the  target, 
other  than  R^,  the  range  dependence  of  E^  aust  be  known  In  order  to 
establish  the  value  of  E^  at  R  (,  where  its  effect  is  ultlaately  real¬ 
ised  In  radar  calculations.  For  all  the  targets  used  (as  well  as  all  those 
preceding  (Refs.  4,6  1 ) ,  the  target  was  well  outside  the  first  Fresnel  xone 
of  the  transaltter.  Hence  the  lllualnatlon  of  the  target  was  of  essential¬ 
ly  uni  fora  phase  over  Its  broadsltu  dimensions.  Also  the  range  dependence 
of  E^  aay  be  expected  to  vary  as  l/r,  provided  we  arc  far  enough  away 
froa  the  target.  Therefore,  regardless  of  the  nature  of  the  target,  or  Its 
relation  with  the  ground,  all  that  is  needed  is  a  measure  of  Er/F,  at 
soT9e  distance  r  far  enough  froa  the  target  so  that  Eg  varies  as  l/r. 
For  lower  heights  of  targets,  a  suitable  value  of  r  will  be  saallar  than 
for  high  targets,  since  for  lower  targets  the  giound-ref lected  and  direct 


3 


SEL-67-002 


rays  ro radiated  fro*  the  target  will  assuae  steadv-sfalo  Interference 
closer  to  the  target.  A*  will  be  seen  In  Chapter  IV,  r  ■  60  ft  was  a 
suitable  distance  In  »osi  cases. 

Wetzel  has  derived  theoretical  results  for  a  plane  reflector  *ounled 
vertically  on  the  ground  and  facing  the  Incident  radiation  Ref.  7  .  As 
ho  suggests,  the  target  is  a  corner  reflector  and  reradlatlon  has  range 
dependence  l/r.  Ills  results  are  given  by 

<XB(t)  ■  ^  F(*)  2  (3) 


where 


Do 


and 


F(t)  2  ■  cos* 


*  e 


121.2 


♦  2el  'R 


2 


where  o  (t)  la  the  radar  cross  section  as  a  function  of  the  angle  of 
B 

Incidence  *;  1*  the  free-space  cross  section  of  a  flat  plate  in 

free  space,  with  nor*ally  Incident  radiation,  with  A^  Its  physical  area; 
1  ■  (2rh  sin  t)/\,  where  h  la  the  height  of  the  wall;  R^  and  R^  are 
the  reflection  coefficients  of  the  wall  and  ground,  respectively,  as  a 
function  of  grazing  an'le  (angle  of  incidence)  V.  We  nolo  that  for  large 
1  this  reduces  to 

“  %o  C°*2  *  *w*l  '  V  +  )|2  4 


Then, 


(3) 


where  A  ■  2A  cos  *;  this  is  In  agroeaasnt  with  Kerr  Ref.  fl,  p.  437 
o 

when  it  Is  reseabored  that  a  corner  reflector  is  equivalent  to  a  fla*  pla.o 
of  area  2A  cos  t.  R  represents  the  aagnitude  of  the  wall  reflection 
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coefficient  which  1#  found  frou  the  theory  of  thin  (lossy)  dielectric 
slab*  [Ref.  0  as 


where  k^  la  the  propagation  constant  of  the  wall,  d  la  the  thickness 

of  thw  wall,  and  erft  la  the  coaplex  relative  dielectric  constant  of 

*  » 

the  wall.  Out  alnce  k^  ■  —  J7n~m  ,  *e  have 

".(!)  ■  (‘  -  <rcjd|  ■  |‘  '  'rej 


^  g 

where  on  •  2r(23.9  x  10  ),  c  ■  3  X  10  ,  and  d  ■  0.203  ■. 

Using  crcw  **  derived  In  Chapter  V,  R^  la  calculated  for  ♦  ■  0. 
As  Wetzel  suggests,  R^  will  not  change  appreciably  for  angles  of  Inci¬ 
dence  In  the  range  0*  <  ♦  <  30*.  R^(t)  *>•  a* suited  to  be  -1  for  hori¬ 

zontal  polarization.  For  vertical  polarization,  the  ground  constants  aust 
be  known.  For  this  terrain  Steele  [Ref.  6 ]  eatlaated  that  ■  13,  a 
typical  value.  Refe»-ence  to  typical  conductivities  [Ref.  10,  p.  806)  en¬ 
ables  us  to  assuae  that  a  •*  7  x  10  3  aho'a  for  the  particular  terrain 
under  study.  This  gives  f rc r  ■  13  -  14. R6,  where  crcf,  i»  the  relative 
coaplex  dielectric  constant  for  the  ground.  Thence,  for  vertical  polar¬ 
ization,  we  can  calculate  R^  as  follows  Ref.  8,  p.  396;  Ref  11  : 


*«(♦>  ' 


aln  f  -  (< 

11s _ L 


rc 


-  CO.2  t)1 


rc 


S 


( 


gin  t  ♦  |c  -  cog  t 
rc 


)■ 


(7) 


Enough  lnforaatlon  was  therefore  obtained  to  plot  a  set  of  theoretical 
curves  for  aost  of  the  various  sizes  and  conditlona  of  walls  aeasured. 
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III.  KEASURDTNT  TECHNIQUE 


Tho  minding  vivo  not  hod  for  deducing  a  radar  croaa  aectlon  haa  boon 
adapted  to  23.0  M!r.  aa  described  by  Stool#  and  Damua  Ref.  4  .  For  mea¬ 
suring  croaa  aoctlona  at  different  angles  of  incidence,  the  method  vaa  fur¬ 
ther  adapted  aa  dcacrlbed  by  Steele  [Ref.  6 1.  Here,  the  same  frequency  vaa 
uaed,  and  tho  ayateai  vaa  unchanged  except  for  the  nature  of  the  target.  A 
acheaiatic  dlagraa  of  tbe  measurement  site  la  ahovn  in  Fig.  1. 


O' 0«A  ftALLOOf 


FIC.  1.  EXPERIMENTAL  SETUP  FOR  MEASUREMENT  OF  CROSS 
SECTIONS  AT  DIFFERENT  ANGLES  OF  INCIDENCE. 


The  targeta  were  Bin. -thick  r event  block  valla.  Sizes,  in  feet, 
vere:  3  high  by  10  vide;  10  by  10;  10  by  20;  13  by  20;  and  20  by  20.  The 
laat  three  valla  vere  measured  both  vet  and  dry.  In  addition,  the  10-  by 
10-ft  vail  vaa  covered  vith  chicken  vlre,  and  the  10-  by  20-ft  vail  con¬ 
tained  vertical  metal  roda  apaced  every  6.3  ft  to  simulate  support  uaed  in 
actual  construction.  Othcrvlae,  the  valla  vere  supported  only  by  a  vooden 
frame;  the  backacatter  from  the  frame,  even  vhen  vot,  vaa  assumed  negligible 
Pigure  2  ahovs  the  vetting  process.  The  vail  vaa  covered  vith  vat*r 
on  both  sides  to  insure  thorough  dampness.  It  vaa  assumed  that  the  degree 
of  vater  permeation  in  the  vail  vould  correspond,  in  radar  backacatter 
cases,  to  a  cement  building  in  a  rainy  area  subjected  to  continuous  dovn- 
pour,  thereby  equalizing  total  dampness  for  the  tvo  cases 
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FIG.  2.  wall  wetting  process. 
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Through  the  use  of  a  transit,  the  probe  line  and  a  line  nornal  to 
the  wall  wero  positioned  to  within  1*  horizontal  awparation  The  probe 
line  eet  the  wall  at  the  Middle  of  ita  base.  Since  the  probe  hung  3  ft 
under  its  supporting  rope,  the  rope  was  elevated  an  experimentally  ad¬ 
justed  amount,  thereby  adjusting  the  actual  probe  line  to  the  correct 
path.  A  typical  setup  Is  shown  In  Pig.  3. 


FIO.  3.  TYPICAL  TAROCT  SETUP?  15-CT  HIGH  DY  20- FT -WIDE  WALL. 

Moasureaents  were  taken  using  bv  tii  horizontal  and  vertical  polariza¬ 
tion.  As  will  be  seen  and  discussed  later,  cross  sections  were  very  small 
for  horizontal  polarization,  except  for  the  20-  by  20-ft  (largest)  wall. 
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The  balloon-borne  transmitting  antenna  could  be  maneuvered  to  a 
height  of  150  ft.  Since  the  target  was  300  ft  away,  along  the  ground, 
angle*  of  Incidence  ranging  between  2.5*  to  22.5*  were  achieved.  The 
telemetering  probe  was  aoved  along  a  rope  by  Beans  of  pulleys  and  strings; 
Its  position  was  recorded  with  the  aid  of  a  plumb  bob.  The  transmitter 
output  was  varied  to  achieve  a  standard  electric  field  at  the  probe  for 
each  position  the  probe  occupied.  When  this  was  accomplished,  the  gate- 
controlled  telemetering  transmitter  showed  a  17-db  null.  A  plot  of  In¬ 
verse  transmitter  output  voltage  vs  r,  the  radial  distance  to  the  tran «- 
witter  antenna,  gave  a  relative  indication  of  the  electric  field  variations 
in  front  of  the  target  which  would  exist  If  some  constant  transmitter  out¬ 
put  were  maintained.  These  plots  will  be  discussed  In  the  next  chapter. 

The  following  Items  were  noted  by  Steele  [Ref.  6):  The  dry  75-ft 
wooden  pole,  suspending  the  probe  line  rope,  would  Introduce  only  a  slight 
constant  attenuation  to  the  transmitted  signal.  Any  day-to-day  variation 
of  system  efficiency  was  of  little  consequence,  since  only  ratios  of  rela¬ 
tive  field  strengths  were  desired.  For  example,  If  the  transmitting  an¬ 
tenna  Is  raised  to  produce  a  different  angle  of  Incidence,  the  obliquity 
affects  both  Incident  and  scattered  fields  although  their  ratio  is  unaf¬ 
fected.  Likewise,  any  inclination  of  the  probe  (which  never  exceeded  a 
few  degrees  from  vertical  or  horizontal)  affected  E^  and  E^  equally. 
Other  targets  In  the  vicinity  of  the  experiment  (including  tho  tree  which 
was  found  to  have  appreciable  scatter)  were  far  enough  away  from  the  probe 
so  that  the  added  field  term  along  the  probe  line  would  produce  only  some 
negligible  slow  variation  In  the  total  field  pattern.  Thero  are,  of  course, 
some  factors  which  would  cause  error;  these  are  discussed  In  Chapter  IV. 
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IV.  DATA  REDACTION  AND  ANTICIPATED  ERROR 


The  plots  of  l/v  vs  r  wero  handled  In  •  fashion  similar  to  those 
done  by  Steele  [Ref.  6j  except  that  a  different  method  was  used  to  obtain 
the  Incident  field  at  the  target,  .  This  Is  discussed  In  detail  below. 

The  usual  plots  of  l/V  vs  w  were  first  obtained.  V  Is  the  trans¬ 
mitter  voltage  and  w  Is  the  horizontal  distance  between  the  transmitter 
and  tho  probo.  Since  the  targets  were  not  removable,  as  was  the  case  for 
tho  tree  [Ref.  g),  a  background  field  was  sketched  In;  this  Is  the  field 
that  would  exist  If  the  target  wero  removed.  This  curve  was  assumed  to  be 
smooth,  but  not  monotonic  near  the  target  and  In  some  ca,*es  for  large  w, 
since  ground  reflections  modify  the  field  pattern.  The  latter  was  found 
to  be  true  for  typical  cases  In  Steele's  work.  E^  at  the  peaks  and  nulls 
In  the  standing  wave  was  deduced  graphically  and  plotted  on  a  log-log  plot 
vs  r,  tho  radial  (direct)  distance  between  the  probe  and  the  target. 
Reference  to  these  plots  shows  that  a  line  of  slope  -1  could  be  fitted  to 
the  data,  with  some  points  falling  above  and  some  below  the  line.  As 
Steele  points  out,  the  assumption  of  the  particular  background  field  vari¬ 
ation  may  be  in  error;  however,  this  method  of  finding  E  tends  to  mini- 

100 

mlze  this  error  providing  that  It  Is  random.  E#  Is  found  by  extrapo¬ 
lating  the  line  of  -1  slope  to  r  ■  100  ft  (30.48  m).  As  seen  In  Chapter 
II,  since  E^  varies  as  l/r, 


4s(30.48)‘ 


E 


100 


(8) 


Since  many  sets  of  data  were  taken,  a  quicker  method  for  determining 
Et  was  desired.  Basically  this  involved  determining  a  factor  called  F, 
for  both  horizontal  and  vertical  polarization,  which,  when  multiplied  by 
l/v  (w  a  GO  ft),  gave  Et  for  a  particular  set  of  data.  F  is  then  a 
function  of  angle  of  Incidence  and  Is  quite  different  for  the  two  polar¬ 
izations  as  seen  in  Fig.  4.  This  variance  arises  due  to  the  widely  differ 
lng  reflection  coefficients  for  the  ground  vs  angle  of  Incidence, 

and  R  ..(♦).  for  horizontal  and  vertical  poliJ  ization,  respectively. 
gV 

The  underlying  assumption  Is  that  R^j(t)  ant*  8^y(t)  did  001  chango  fro?* 
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wooK  to  week.  As  will  b«  sown,  this  assumption  is  probably  valid  since  It 
was  found  that  reflection  coefficients  were  lower  than  expected,  Indicating 
probable  subsurface  reflection  and  subsequent  attenuation  on  the  ground  re¬ 
flected  rays.  Furtheraore,  the  Moisture  content  of  the  soil  beneath  the 
surface  would  sees  fairly  constant  due  to  the  presence  of  a  water  table  and 
frequent  enough  rain. 

For  horizontal  polarization,  F^  was  obtained  as  follows. 

Over  a  period  of  2  days,  sets  of  data  were  taken  for  all  the  angles 
of  Incidence  In  question.  "Standard  readings"  were  also  takon  on  each  of 
these  days  by  recording  1 /V  at  a  particular  angle  of  Incidence  and  probe 
position.  These  readings  were  found  Identical,  and  therefore  the  system 
efficiency  was  assuaed  constant  for  these  sets  of  dsta.  Next,  It  was  ob¬ 
served  that  the  data  for  22. 5*  contained  both  a  "peak"  and  a  "null"  In  the 
background  field  variation  (which  Is  slallar  to  Steele's  example  Ref.  6, 
p.  15]).  Slnco  tho  peak  Is  caused  by  constructive  Interference  and  the 
null  Is  caused  by  destructive  Interference  between  the  direct  and  ground- 

11  SEL-G7-002 


N  \  V 


reflected  rays,  a  relation  nay  be  derived  for  the  total  lncldont  field 

representation  at  tho  peak  In  tenas  of  the  field  which  would  exlat  there 

In  the  absence  of  the  ground.  The  occurrence  of  the  null  and  Its  position, 

together  with  an  assumption  of  constant  R  ,  enabled  this  calculation. 

gn 

All  Individual  rays  are  assumed  to  vary  as  1/R  ; where  R  Is  measured 

f row  the  transmitting  antenna),  since  far  field  conditions  prevail  lienee, 
at  peak, 


1 


A» 


(9) 


where  l/Vp  Is  the  field  at  the  peak,  A*  la  a  constant  which  Is  assumed 

to  be  always  2.0  In  Steele's  work  for  horizontal  polarization  Ref.  6j, 

and  r  Is  the  field  which  would  exist  at  the  peak  position  In  the  ab- 
Po 

sence  of  the  ground.  A'  Is  given  by 


where  R^.  and  Rp  are  the  distances  between  transmitting  antsnna  and 
probe  at  the  null  and  peak,  respectively;  l/V^  Is  the  total  field  at  the 
null;  6  and  5  are  the  path  differences  between  direct  ar.d  ground- 

reflected  rays  at  the  null  and  peak,  respectively.  For  an  angle  of  Inci¬ 
dence  of  22.5*,  the  appropriate  set  of  above  data  gave  A'  »  1  482  (which 
differs  from  Steele's  assumeo  value  of  2.0).  It  was  Interesting  to  find 

that  R  ..  (which  was  assumed  constant)  was  found  to  be  0.62,  where 
gll 

"V..  -  <**  -  4  *  s;) 

and  had  a  phase  lag  of  161* 

5  -  X 

Phase  lag  of  R  „  ■  — r -  x  360*  11 

gH  A 
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•nd  A  ■  38  ft  for  this  experiment.  Table  1  shows  the  various  numbers 
determined  for  finding  A'.  Next,  Et  was  obtained  as 

E1(22.5*)  -  jt—x  ^  ( »2) 

P  o 

where  Rq  >  325  ft  for  t  ■  22.5*.  Finally,  the  desired  F  was  obtained 
from 


Fh(22.5*) 


£^22.5*) 
i<w  -  60  ft) 


(13) 


TAOLE  1.  DATA  FOR  DETERMINING  A1 


Total  field  at  null  -----------  l/v 

N 

Total  field  at  peak - - - -  l/vp 

Distance  between  transmitter  and 

peak  position  -------------  Up 


0.0589  (volt)’1 
0.2185  (volt)’1 


192  ft 


Distance  between  transmitter  and 

null  position - - ■  225  ft 

Path  difference  between  direct  and 
ground -reflected  rays  from  the 

transmitter  at  the  null  position  -  -  -  B  ■  38  ft 

N 

Path  difference  between  direct  and 
ground-reflected  rays  from  the 

transmitter  at  the  peak  position  -  -  -  5p  ■  55  ft 


Since  the  system  efficiency  and  the  vertical  patterns  of  the  probe 
and  transmitting  antenna  were  constant  for  the  other  angles  of  Incidence, 
we  have 


Kt(t) 


Et(22.5*) 


*  co »  ♦ 

cos  22.5* 


(14) 
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which  takes  Into  account  different  R  for  different  angles  of  incidence. 

o 

Hence, 


rH(t) 


E  t(t) 

i<*  ,  60  ft) 


(15) 


and  this  Is  plotted  in  Fig.  4.  This  is  considered  a  wore  accurate  aethod 
for  determining  V  than  that  used  by  Steele  [Ref.  6). 

For  vertical  polarization,  a  different  aethod  was  used  to  detcralne 
E  and  F^.  Since  the  gain  of  the  probe  was  different  for  direct  and 
ground-reflected  rays,  the  above  formulas  could  not  be  applied.  Further- 
aore,  the  reflection  coefficient  of  the  ground  for  vertical  polarization, 
R^v,  is  a  function  of  angle  of  Incidence.  Steele  [Ref.  6,  took  advantage 
of  this  fact  when  determining  the  E^'s  for  vertical  polarization.  Since 
exactly  the  same  location  and  experlaental  apparatus  were  used  for  this 
experiment,  reference  was  made  to  the  values,  and  corresponding  l/v 

(w  ■  60  ft)  which  Steele  obtained  for  each  angle  of  incidence  when  aea- 
surlng  dipoles  at  the  same  target  position  as  the  wall.  The  data  employed 
were  similar  to  those  shown  by  Steele  [Ref.  6,  p.  19].  As  before, 


A  «!<♦> 

I(w  .  60  ft) 


(16) 


F^  for  vertical  polarization  is  also  plotted  in  Fig.  4. 

Using  the  same  aethod,  F y  was  found  for  another  set  of  data  taken 
nbout  the  sane  time,  and  close  correspondence  was  found.  However,  a  tine 
lapse  of  several  weeks  occurred  between  those  sets  and  the  sets  taken  for 
the  walls.  As  a  result,  the  wall  data  experienced  gain  drift  duo  to  much 
larger  aablent  temperature  variations  between  6:30  a.m.  and  10*00  a. a. 
Therefore,  it  was  not  possible  to  assume  a  constant  standard  reading  over 
a  day  (as  was  verified)  and  hence  the  F^’s  could  not  be  checked  with 
the  later  data.  It  should  be  noted,  however,  that  since  each  set  of  data 
was  taken  in  approximately  15  minutes,  any  temperature  drift  occurring 
during  this  time  was  negligible.  Host  of  the  tine  was  spont  in  reorganizing 
the  experiment  for  each  angle  of  incidence;  hence,  during  those  times, 
ovorall  temperature  changes  were  greatest. 
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Pro's  the  plots  of  F(t),  E.  (♦)  was  obtained  for  each  set  of  data. 

100* 

Hence,  fro*  the  values  for  Eg  ,  cross  sections  were  obtained  as  men- 
tioned, 

Before  the  results  are  discussed,  it  would  be  appropriate  to  investi¬ 
gate  factors  contributing  to  experlaental  inaccuracy.  For  the  experimental 
setup  used,  thore  are  four  causes  of  error:  meter  scale  inaccuracy  and 
misplacement  or  misalignment  of  the  probe;  errors  in  determining  F  using 
the  above  F  factors;  the  probe  line  not  following  the  ccrrect  path;  and 
obliquity  effects  caused  by  taking  readings  too  close  to  the  target.  Those 
will  be  discussed  in  the  same  order  below. 

The  first  source  of  error  was  explored  by  Steele  and  Barnum  [Ref.  4  . 

It  was  found  that  an  error  of  ±0.05  db  in  total  SMasured  field  values  would 
bo  an  expected  maximum.  An  illustration  of  this  may  be  seen  in  Fig.  5  where 


FIG.  5.  TYPICAL  "BACKGROUND"  FIELD  VARIATION, 

a  typical  "background"  field  is  plotted.  By  Insorting  this  orrrr  into 
the  cross-section  formula,  ono  finds  that  the  error  in  cross  section  is 
givon  by 
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^b1! 


2 

■ 


where  r  Is  the  dlstanro  In  feet  from  tho  target  at  which  E*  la  soa- 

o  a 

sured.  Since  r^  was  about  60  ft,  the  maximum  expected  percentage  error 

Is  about  IGO/yVg  percent.  However,  since  these  orrors  occurred  randomly, 

they  wore  readily  apparent,  and  tho  standing-wave  curve*  were  smoothed  over 

100 

accordingly.  Furthermore,  tho  graphical  method  used  to  determine  F 
tends  to  minimize  this  error.  Hence  an  error  In  cross  section  of  perhaps 
t\i/ J  3  percent  might  be  expected.  The  error  Is  a  functior  of  the  sw>a- 
sured  cross  section  since  for  small  cross  aectlons  the  errors  may  have 
amplitudes  as  great  as  the  standing  wave.  Likewise,  for  large  cross  sec¬ 
tions,  errors  are  negligible  compared  to  standing-wave  magnitudes  at  r  ■ 

100  ° 

60  ft  This  ersentlally  accounts  for  errors  In  determining  E^ 

For  horizontal  polarization,  the  computed  E^'s,  using  F|(,  are  much 
more  accurate  than  found  previously  [Ref.  6  ,  especially  for  the  larger  an¬ 
gles  of  elevation.  Perhaps  *5-percent  error  exists  In  determining  E^  for 
horizontal  and  vertical  polarization  using  the  F  factors. 

The  probe  lino  may  !<ive  been  i**  off  tho  correct  angle-of-lncidenco 
path.  Reference  to  Wetzel's  formulas  l'  Chapter  II  suggests  that  an  error 
In  cross  section  of  perhaps  tl  percent  would  result. 

If  measurements  arc  taken  too  close  to  the  target,  a  negative  error 
will  occui  for  both  polarizations  due  to  horizontal  obliquity.  For  a  20- 

ft-wlde  wall,  at  r  ■  60  ft,  the  reflected  waves  from  the  vertical  edges 

o 

of  tho  wall  lag  those  from  the  center  by  8.5*.  The  effect  is  Identical  to 
obliquity  errors  occurring  In  free-space  cross-section  sieasurement  Ref.  4, 
p.  5  ;  Steele  and  Damum  deduced  that  cross  sections  of  large  targets  would 
bo  perhaps  10  percent  too  low.  Since  the  walls  are  smaller  than  the  targets 
which  they  smsasured,  perhaps  an  error  of  -5  percent  exists  due  to  horizontal 
obliquity;  the-  error  Is  slightly  greater  for  horizontal  polarization  due  to 
the  probe's  gain  pattern. 

Also  at  close  ranges,  there  will  be  an  error  caused  by  the  scattered 
field's  nonconstant  phase  variation  with  range.  In  other  words,  when  far 
enough  from  the  target,  the  scattered  field  drops  off  as  1 'r,  and  the 
phase  difference  between  direct  and  ground -reflected  rays  reradlated  from 
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the  target  is  a  constant  The  effect  at  close  ranges  r  will  be  dif- 

Q 

ferent  for  horizontal  and  vertical  polarization  due  to  the  different  re¬ 
spective  ground  reflection  coefficients. 

Tho  analysis  Is  fairly  straightforward  for  horizontal  polarization 
Suppose  that  a  certain  (stall)  error  may  be  tolerated;  the  required  dis¬ 
tance  froa  the  target  becomes  smaller  as  the  target  height  and  ground- 
reflection  coefficient  decrease  and  the  angle  of  Incidence  Increases  In 
order  to  obtain  a  maximum  Halt  for  this  error,  It  was  assumed  that  the 
ground-reflection  coefficient  was  always  -1  and  that  the  target  scattered 
In  equal  magnitudes  toward  the  probe  and  the  ground  The  results  are  di¬ 
rectly  applicable  to  a  horizontal  segment  of  the  target,  with  small  vor¬ 
tical  extent,  located  a  height  h#  off  the  grovnd.  The  law  of  cosines 
was  applied  to  determine  the  resultant  scattered  field.  Define  P  as 
the  ratio  of  actual  scattered  field  to  the  value  which  would  exist  If  tho 
phase  were  constant  with  distance  (Pig.  6).  Then  P  Is  given  by  'Ref  10, 
p.  811  ) 


where  rQ  •  tflstaace  to  probe  from  baae  of  target 

r (  •  direct  dlatance  to  probe  from  target  segment 
r^  ■  ground -reflected  dlatance  to  probe  from  target  aegment 
h'  ■  height  of  target  segment 
hp  «  height  of  probe 
w  •  r  cos  ♦ 


2 

The  error  in  cross  section  Is  simply  -100  x  P  percent,  which  lndlca'e* 
that  measuied  cross  sections  for  horizontal  polarization  are  always  low 
by  this  percentage.  Assuming  as  before  that  rQ  ■  60  ft  was  used  as  the 
point  for  astermining  (then  extrapolated  to  r  •  100  ft),  the  per¬ 

centage  error  was  pi  tied  vs  target  height  In  Fig.  7  for  angles  of 
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Incidence  of  5*  end  20*.  Since  the  targets  extended  over  all  heights  up 
to  the  maxima  height  for  the  vail,  an  "effective"  height  oust  be  eatl- 
aated.  Since  the  actual  Incident  radiation  Is  greatest  for  the  uppermost 
parts  of  the  targets  (for  our  target  naxlnua  heights),  an  estimate  In 
cross-section  error  nay  be  obtained  froa  lit*  figure.  For  t*«gei  heights 
o?  10  ft,  the  error  Is  perhsps  -2  percent;  for  iS-ft  targets,  -5  percent; 
and  perhsps  -8  percent  for  20-ft  targets. 

A  slallar  analysis  for  vertical  polarisation  Is  difficult  However, 

It  till  be  worthwhile  to  determine  whether  the  error  In  cross  section  nay 
be  expected  to  Lw  positive  or  negative  at  a  particular  ingle  of  Incidence. 
It  aust  be  pointed  out  that  this  error  canno*  necessarily  bo  determined 
from  the  plots  of  vs  r.  A  positive  error  which  decreases  over  a  (per¬ 
haps  snail)  range  of  r  will  cause  an  Eg  range  dependence  faster  than 
l/r;  likewise,  a  negative  error  which  Increases  with  range  will  cause  fhe 
sane  effect.  Whichever  effect  occurs,  It  la  difficult  to  Infer  the  error 
nagnltude  from  the  experlnental  plots,  especially  when  cross  sections  are 
snail  (in  light  of  other  experlnental  errors). 

Assune  an  "effective  height"  of  the  vertical  target  which  scatters 
a  direct  ray  and  a  ground -ref lec ted  ray  to  the  probe.  When  the  grw  J- 
reflec'ed  ray  Is  above  the  Prewster  angle,  conatructlve  Interference  will 
occur;  likewise,  destructive  Interference  will  occur  below  vhe  Brewster 
angle;  it  was  found  that  the  firewater  angle  Is  14*  for  the  terrain  [Ref. 

0,  p.  20 J  Finally,  the  probe  and  wall  pattern  gains  will  affect  the 
magnitudes  of  the  ground  and  direct  rays.  The  discussion  nay  be  facil¬ 
itated  by  considering  two  special  cases:  ♦  w  S*  and  *  -  20*.  Again, 
assune  that  r  •  00  ft  is  used  as  the  reference  point  for  E  extrap- 

O  I 

olation  to  far  ranges  (the  errors  will  be  the  sane  for  r  •  100  ft). 

Assune  an  effective  wall  height  of  10  ft. 

At  t  ■  20*,  when  .he  probe  is  lo  ated  at  r^,  the  ground-reflected 
ray  nakes  an  angle  of  28.4*  with  the  ground;  this  angle  decreases  to  20* 
when  the  probe  Is  far  from  the  target.  Since  the  path  difference  between 
the  two  rays  from  the  target  Is  always  less  than  l/4  wavelength,  decreas¬ 
ing  constructive  interference  will  occur  as  one  proceedr  sway  from  the 
target  on  the  probe  line.  This  causes  s  positive  error.  However,  close 
to  the  target  the  probe  and  wall  pattern  gains  tend  to  dlstrinlnato  against 
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both  njri.  Since  constructive  Interference  occurs  far  out,  s  negative 


error  Is  also  Introduced  at  r  ■  60  ft. 

o 

At  t  ■  5Cl  the  ground-reflected  ray  Bakes  an  angle  of  14. 3"  with 
the  ground;  this  decreases  to  5*  far  out.  At  5*.  the  reflection  coeffi¬ 
cient  of  the  ground  Is  near  -1,  and  at  14*  It  Is  near  zero  Par  out, 
large  destructive  Interference  will  occur,  since  the  target  Is  not  very 
high  (the  path  difference  between  rays  Is  saall);  however,  at  r^  essen¬ 
tially  only  the  direct  ray  exists.  Hence  a  larger  positive  error  exists 
at  lower  angles  Since  for  this  case  the  ground-reflected  ray  Is  negli¬ 
gible  at  r  ■  60  ft,  and  since  the  angle  that  the  direct  ray  saxes  with 
o 

the  probe  Is  about  the  mm  far  out,  there  are  negligible  errors  caused 
by  wall  and  probe  gain  patterns. 

One  say  conclude  that  errors  will  be  Bore  positive  for  vertical  po¬ 
larisation  at  lower  angles  of  Incidence  as  pointed  out  by  Steele  ^Ref.  6, 
p.  17).  Moreover,  these  errors  aay  be  greater  for  lower  wall  heights, 
since  greater  destructive  Interference  occurs  for  large  r  as  a  result 
of  decreased  path  difference  between  ground  and  direct  rays 

The  transaltter  was  far  enough  froa  the  target  so  that  plane-wave 
lllualnatlon  could  be  assuaed  [Ref.  12 

Target  near-fleld  effects  were  neglected 

Total  errors  In  measuring  a  cross  section  are  therefore  about 
[*(10  4  IS/y/cTgJ-s]  percent  plus  errors  due  to  a  phase-varying  scattered 
field  Save  for  the  latter,  approxlaately  the  sane  errors  nay  be  expected 

for  the  measurement  of  free-space  cross  sections. 

2 

For  a  •  3  m  ,  thle  gives  s  range  of  about  48  to  -18  percent  error 
plus  phase  change  error.  The  phase  error  Is  about  -5  percent  for  hori¬ 
zontal  polarization,  is  positive  (perhaps  4100  percent  or  more)  for  very 
low  angle  vertical  polarization,  and  la  perhaps  negligible  for  vertical 
polarization  at  20*  angle  of  Incidence  due  to  the  balance  of  positive  and 
negative  errors  The  cross-section  results  wlM  be  treated  accordingly, 
in  Chapter  VII,  by  placing  arrows  on  the  appropriate  data  point*  to  in¬ 
dicate  the  direction  in  which  the  measured  cross  sections  should  be  moved 
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V.  ELECTRICAL  CONSTANTS  OF  WALL 


Tho  dielectric  constant  and  conductivity  of  the  wall  material  wore 
■assured  us  Inn  a  capacitor-Q  technique.  A  drawing  of  tho  experiment  Is 
shown  in  Fig.  8.  The  cspacltor  was  constructed  f ron  3/32-in.  aluslnum 
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FiO.  8.  DRAWING  OF  EXPERIMENT  USING  CAPACITOR-Q  TECHNIQUE. 

sheets  and  Measured  3  ft  by  4  ft.  Two  pieces  of  8-ln.-long  heavy  wire 
were  connected  to  the  corners  of  the  sheets  for  measurement  purposes. 

Values  were  Measured  for  both  wet  and  dry  blocks,  with  and  without  vertical 
metal  (supporting)  rods  Inserted.  The  blocks  were  wetted  by  successive 
dunking  in  a  clean  water  bath.  The  degree  of  total  water  peraeation  is 
expected  to  closely  approximate  that  for  the  cases  of  bsckscatter  Measure¬ 
ment  for  the  following  reasons:  (l)  The  blocks  were  exposed  to  the  water 
for  less  time  than  for  the  wet  walls  measured  (Fig.  3);  however,  water 
peraented  the  blocks'  Interiors  as  well;  (2)  drying  of  the  blocks  was  slow, 
and  therefore  ti^  was  not  an  Important  factor.  The  metal  rods  wore  bundles 
of  those  used  In  construction  of  such  walls  and  were  spaced  about  2.5  ft 
apart — much  closer  than  in  actual  buildings.  For  all  cases,  the  plates 
were  covered  with  a  watertight  plastic  Jacket  to  eliminate  leakage  currents. 

The  proceduro  for  obtaining  the  dielectric  constants  is  set  forth  In 
the  paragraphs  below. 

Tho  capacitance  of  the  plates  was  measured  with  a  Boonton  Q-meter  at 
approximately  7  KHz,  with  and  without  blocks  inserted;  the  circuit  is 
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where 


shown  In  Fig,  9.  The  dielectric  constant  is  defined  by  C  ■  * rCQ, 

C  is  the  capacitance  of  the  plates,  «  is  the  relative  dielectric  con¬ 
stant  of  the  material,  and  Cq  is  the  free-space  capacitance  Values 
obtained  are  shown  in  Table  2;  ■  2.0  and  4.0  for  dry  and  wet  blocks, 

respectively,  with  or  without  aetal  rods.  Note  that  the  transfer  function 
of  the  circuit  [see  Cq.  (22)  gives 

— —  m  0  at  u»  ■  Cu  *  *  ( 19) 

•s  °  ytc, 

where  CT  represents  the  total  capacitance  present  in  the  circuit.  Hence 

there  are  no  errors  present  in  determining  the  capacitance  of  the  plates 

upon  insertion  of  C  and  returning  of  the  circuit  (although  R#  is  nenrly 

infinite  when  only  C_  ,  the  Q-aeter  C,  is  present).  There  is  a  saall 

y* 

error  duo  to  the  capacitance  of  the  leads  connected  to  tho  voltmeter; 
however,  this  was  saall  enough  to  be  neglected. 


PIG  9.  CIRCUIT  DIAGRAM  OF  CAPACITOR-Q  TECHNIQUE. 


TABLE  2.  VALUES  OBTAINED  FOR  CALCULATING  €  USING 
THE  CAPACITOR-Q  TECHNIQUE 


wall 

Conditions 

co 

(Pf) 

CT 

(pO 

CQ» 

(pf) 

C 

(pf) 

r 

r 

Dry,  no  aetal  rods 

116 

332 

99 

233 

2.0 

Dry,  with  aetal  rods 

116 

332 

98 

234 

2.0 

Wet,  no  metal  rods 

116 

496 

30 

466 

4.0 

Wet,  with  aetal  rods 

116 

488 

30 

458 

4.0 
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The  conductlvl ty  was  measured  as  follows.  Tho  Q  of  the  capacitor 
Is  related  to  the  total  resistance  of  the  material  by  Q  «  R  *C,  whore 

°  1  rt 

R  Is  oqulvalently  In  parallel  with  C.  Hence  R  ■  Q^C  and  R  ■ - 

*  s  s  j  A 

where  a  Is  the  conductivity,  d  the  thickness  of  tho  wall,  and  A  the 
cross-sectional  area.  Hence 

0.182  x  to  x  C  .  /  .  . 

o  m  - - -  mho  motor  (20) 

whore  0.182  takes  Into  account  the  dimensions  of  the  capacitor. 

Referring  to  the  circuit  of  Fig.  9,  tho  voltage  magnitude  of  tho  gen¬ 
erator,  V  ,  was  kept  constant.  The  frequency  of  V  was  raised  (or 
8  R 

lowered)  until  the  voltage  V  across  tho  capacitor  was  0.707  x  V  ; 

c  co 

Vcq  ■  1  was  tho  midband  voltage  value.  This  voltage  was  measured  with  an 
HP-3400A  voltmeter  which  has  10-megohm  input  impedance,  small  input  ca¬ 
pacitance,  short  leads,  and  a  bandwidth  of  10  Mix.  The  upper  and  lover 

3-db  cutoff  frequencies,  f  and  t  and  the  center  frequency  f 

u  ■  o 

were  recorded.  In  this  case  Q  /  f  /Af.  The  circuit  for  which  this 

o 

applies  Is  shown  In  Pig.  10. 


FI0.  10.  CIRCUIT  DIAGRAM  FOR  PROPER 
INTERPRETATION  Of  BAN  WIDTH  -Q 
RELATIONSHIPS. 


The  transfer  function  of  this  circuit  Is 


2,2 

u)  L 


(1  -  w2LCt)  ♦  (u»2L2/R2) 


(21) 


However,  the  transfer  function  of  our  circuit  Is 
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1 

7 


(1  -  cJ'LCj.)*  ♦  ((A2/r*) 


(22) 


A  plot  of  relatlvo  Magnitude  va  relative  fractional  detuning  Is  given  In 
Rof.  13,  p.  201  (This  la  a  normalised  plot  termed  the  "universal  reso¬ 
nance  curve"  and  applies  to  the  transfer  functionary.)  Since  VT^  ■ 
wc  may  adjust  our  relative  voltage  magnitudes  of  0.707  at  f  and  fy 
accordingly  and  thence  obtain  tho  quantity  a  ■  Q^[(f  -  fQ)^ffj  directly 
from  the  graph  (where  la  the  "indicated"  Q  of  the  circuit).  Denote 
"actual"  magnitudes  by  and  Vyo  for  and  by  V  and 

for  Then 


V 


to 


0.707  X  j- 
o 


and 


V 

uo 


f 

0.707  X  -p 
o 


Reference  to  the  plot  gives  a^  and  a^  at  fy  and  f  ,  respectively — 
thence  giving  .  Owing  to  probable  stray  wiring  capncltance  and  capacitor 
radiation,  Qi  differed  at  tho  upper  and  lower  points— the  average  was 
taken  as  a  beat  approximation.  Finally,  alnce  tho  Q-moter  capacitance  was 
also  present  In  the  circuit,  we  modify  the  Q^'m  obtained  by  the  ratio  of 
plate  to  total  capacitance,  according  to  Q  ■  Qj  x  c/c^,  where  rep¬ 

resents  "actual"  Q.  The  Q'a  for  the  capacitor  were  ao  low  that  there  were 
no  errors  due  to  finite  Q's  of  the  work  coll  and  Q-meter  capacitor.  Re¬ 
sults  for  this  experiment,  together  with  tho  calculated  o's,  are  shown 
In  Table  3. 

Kith  rogord  to  the  reflection  coefficient  of  the  wall,  utf  Is  suffi¬ 
ciently  larger  than  a  for  both  the  wet  and  dry  walls  to  enablo  neglect 
of  tho  errors  seen  above  due  to  the  range  In  Q  for  uppor  and  lower  value 
frequencies.  The  method  for  obtaining  Is  considered  fairly  accurate 

In  light  of  aforementioned  considerations 

The  above-obtained  values  for  a  and  give 


c 

rc 

w 


2  -  10.916  dry  wall 

4  -  11  74  wet  wall 


(23) 
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TABLE  3  VALt'ES  OBTAINED  FOR  CALCULATING  ff  USING  THF 
CAPACITOR -Q  TECHNIQUE 


wall 

Conditions 

(sau) 

f 

o 

(»*) 

f 

u 

(Wz) 

■ 

a 

u 

Average 

Qi 

a 

(nho'm) 

Dry,  no  metal  rods 

Dry,  with  Beta'  rods 

5.91 

5.91 

6.30 

6.30 

6.59 

6.59 

♦0.43 

9.52 

6.68 

2.51(10)“5 

Wet,  no  metal  rods 

3.20 

5.30 

6.36 

-1.10 

♦0.35 

2.28 

2.14 

1.32(10)"3 

Wet,  with  metal  rods 

3.20 

EQ 

6.32 

Same 

After  Insertion  of  er<.  In  the  formula  for  R  ,  there  result*  R  _,(•£)  ■ 

w’  wd'2' 

0.075  (dry  well)  end  R^(-s)  ■  0.192  (wet  wall).  Note  that  the  metal 
supporting  rods  did  not  affect  these  values. 

It  must  be  noted  that  the  blocks  were  not  actually  solid,  but  con¬ 
tained  holes  which  constituted  approximately  one-half  the  wall  volume. 
Although  these  holes  are  very  much  smaller  than  a  wavelength,  the  re¬ 
flection  coefficient  of  the  wall  should  be  smaller  than  that  for  a  solid 
wall.  However,  the  capacitor  measuring  technique  would  also  Indicate  do- 
t  -cased  €  and  a.  Thorefore,  it  will  be  assumed  that  the  reflection 
coefficient  error  is  minimal  as  a  result  of  the  internal  geometry  of  the 
blocks. 

Finally,  note  that  the  electrical  constants  were  measured  at  about 

6  MHz,  rather  than  26  IVlz.  This  was  done  to  decrease  capacitor  radiation 

and  it  is  therefore  assuaged  that  a  and  c  are  the  same  at  both 

r 

frequencies. 
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VI.  PRZE- SPACE  RESULTS 


Prco- space  cross  sections  were  obtained  In  order  to  Investigate  the 
degree  of  applicability  of  physical  optics  theory  to  cross-section  eea- 
sureaent.  As  mentioned  previously,  Steele  and  Barnum  Ref.  4  had  first 
adopted  the  probe  system  to  these  measurements.  Owing  to  close  correspon¬ 
dence  with  microwave  results,  the  method  is  considered  accurate  to  within 
10  to  20  percent  (see  Chapter  IV).  The  wall  sizes  measured  :«ro  shown  In 
Table  4. 

TABLE  4.  FREE -SPACE  RESULTS  FOR  VERTICAL  POLARIZATION 


Wall  Size 
Height  x 
Width 

Wall  Area 

(«2) 

n/lL 

Grounded 

(■2) 

°B 

Insulated 

t.2) 

R 

w 

aBo 

(«2) 

10  X  10 

Dry 

9.27 

2.035 

7.84 

3.47 

0.075 

0.045 

10  X  10 

Dry 

chicken  wire 

9.27 

38.8 

149.5 

66.2 

1.0 

(0.328) 

8.06 

(0.862) 

10  X  20 

Dry 

18.54 

3.85 

14.82 

6.56 

0.075 

0.181 

10  x  20 

Wet 

18.54 

13.3 

51.3 

22.7 

0.192 

1.19 

20  X  20 

Dry 

37.08 

6.07 

23.4 

10.35 

0.075 

0.721 

The  experiment  consisted  of  measuring  the  standing  waves  in  front  of 
a  CU  illuminated  target  at  a  very  low  angle  of  incidence.  The  transmit¬ 
ting  antenna  was  placed  on  a  10-ft  wooden  mast,  and  the  center  of  the  probe 
was  mounted  on  a  self-supporting  stand,  8  ft  high,  on  which  the  telemetering 
antenna  was  fastened.  The  value  of  l/V  was  recorded  at  2.5-ft  Intervals, 
and  these  values  were  plotted  vs  w,  as  before  Ref.  4  .  The  raethoo  was 
not  applicable  for  horizontal  polarization  since  the  vertical  dimensions 
of  the  horizontal  target  were  so  large.  Results  were  obtained  for  vertical 
polarization,  however,  as  outlined  below. 


SEL- 67-002 


26 


A*  before,  an  assumed  background  field  was  sketched  in  among  the 
standing-wave  perturbations  Values  of  Eg  were  then  extracted  fro*  the 
plot  by  Measuring  the  difference  between  the  actual  and  the  background 
field  variations  at  the  peaks  and  nulls.  E  was  ther  plotted  vs  w,  and 
a  range  dependence  very  similar  to  that  exhibited  by  the  "standard  curve 
for  vertical  polarization"  [Ref.  4  was  found  Fro*  this,  E  (w  ■  30  ft) 
was  found  By  extrapolation  of  the  background  curve  to  w  ■  0,  E  was 
determined  Henco  the  quantity  B  >  Ej^/E ^  was  calculated  On  the 

saae  type  of  torraln,  an  "Ulu*lnatlon  factor,"  1  ,  had  been  plotted  vs 

L< 

target  height  for  a  transmitter-target  separation  of  300  ft  [Ref  4  I 

L 

as  a  function  of  target  height  takes  Into  account  the  nonuniformity  of 
target  Illumination  caused  by  ground  ray  cancellation  and  hence  was  de¬ 
termined  for  each  target  height.  Fro*  thla,  the  "relative  cross  section'* 
B/lj  was  determined.  B/l^  Is  related  to  the  actual  free-space  cross 

section  by  a  factor  S  defined  by  a  •  SB/l  For  well-grounded  targets, 

3  "  n 

S  ■  1.703  x  10  ;  for  targets  Insulated  from  the  ground,  S  ■  3.84  x  10 

It  should  be  noted  that  the  S  specification  Is  valid  since  results  ob¬ 
tained  by  Steele  for  a  grounded  quarter-wave  monopole  and  a  half-wave  In¬ 
sulated  dipole  showed  close  correspondence  at  higher  angles  of  Incidence 
Ref.  6,  Fig.  6]--the  minor  deviations  were  due  to  Increased  obliquity 
effects  for  the  half-wave  target,  and  possible  variations  In  vertical  re- 
radiation  pattern  with  distance  Calculated  results  for  both  cases  are 
shown  In  Table  4 

Since  the  wall  was  mounted  in  concrete  only  2  ft  deep,  and  since  the 
conductivity  of  cement  was  found  to  be  quite  small,  It  Is  suggested  that 
the  wall  was  effectively  Insulated  fro*  the  ground  Steele  and  Barnum 
[Ref.  4  measured  the  free-space  cross  section  of  an  >.lumlnu*  street  lamp 
and  an  antenna  mast;  although  these  argets  were  mounted  In  concrete,  they 
were  also  considered  to  be  insulated.  However,  as  was  shown  by  Steele  and 
Barnum  tor  an  aluminum  mast,  even  when  such  a  target  barely  touches  the 
ground,  the  cross  section  changes  (and  hence  so  does  S)  This  was  termed 
the  "poorly  grounded  case,"  and  shows  Just  how  ambiguous  the  ter*  "ground¬ 
ing"  can  be  We  could,  therefore,  estimate  the  free-space  cross  sections 
ns  lying  somewhere  In  between  the  two  extreme  cases  calculated  In  Table  4 
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This  vi  11  not  be  done  (even  as  it  vss  not  done  for  the  street  1  ar.p  and 
antenna  east,  Ref.  4)  in  view  of  the  results  discussed  belov 

Wetzel  has  suggested  Ref.  7.  that  if  kh  >  3  (vertical  polarization) , 
vhere  k  ■  2 r./\  and  h  is  tho  height  of  tho  wall,  wo  nay  apply  geooetrlcal 
optics  to  obtain  the  cross  section  at  noraal  incidence.  The  forcula  is 

4rA2  . 

an  -  — ^  R2(r)  (24) 

Bo  ^2  w'2'  '  ' 

2 

where  A  is  the  physical  area  of  the  wall.  o_  was  calculated  for  each 
o  Bo 

size  wall  ceasured,  and  the  results  are  also  Included  in  Table  4. 

The  ratio  of  aB( lnsul atedj/a^  is  plotted  vs  the  area  of  the  wall 
in  Pig.  11  on  log-log  scales.  It  was  found  that  all  the  points  fell  on  the 
curve  drawn,  except  for  tho  chicken-wire-covered  wall.  However,  it  was 
assur'd  that  R^  ■  1  for  the  chicken  wire.  If  this  value  is  changed  to 


FIG.  11  PLOT  OP  <7jj(  INSULATED) /(TBo(THEORY)  IN  FREE 
SPACE  VS  AREA  OF  WALL. 
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«  0.328  (which  seen*  sowowhat  low),  the  point  thcr  fall*  near  tho  10- 
by  10-ft  dry  wall  case,  which  it  should  (if  the  same  theory  is  applicable). 
Koto  that  it  appears  that  cross  sections  aro  approximately  proportional  to 
wall  area,  rather  than  (area)  ,  for  walls  where  kh  <  3  ( approximately) . 

It  is  oncouraglng  to  find  that  an  asymptotic  value  near  ■  1 

is  lndlcatod  for  large  walls.  This  indication  will  be  strengthened  in  the 
next  chapter  ahen  tho  (cross  sect l ■>n)/( theory)  ratio  is  p’ottod  vs  kh 
for  both  tho  froe-space  r"d  angle-oi -Incidence  measurements.  Coj lesponrienco 
to  theory  is  thon  Indicated  for  kh  ■«  4  or  5;  it  nppoars,  therofore,  that 
tho  Steele-Darrum  technique  is  accurate  to  a  good  dogree.  Assuming  that 
this  is  so,  one  should  considor  the  walls  to  be  insulated.  If  they  were 
not,  the  plots  vs  kh  would  show  that  tho  correct  asymptotic  value  of 
O’p/ffjjo  *  *  would  be  indicated  by  walls  (in  free  space)  larger  than  those 
required  to  yield  tho  same  experiment -theory  correspondence  at  different 
angles  of  incidence. 
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VII.  RESULTS  AT  DIFFERENT  ANGLES  OF  INCIDENCE 


Croat  aoctiona  at  angles  of  incidence  ranging  between  2.S*  to  22.5* 
were  obtained  for  wall  sizes  ranging  froa  5  ft  high  and  10  ft  wide,  to  20 
ft  high  and  20  ft  wide.  Theae  resulta  are  plotted  in  Fig.  12a-J;  Vetzel'a 
theory  (»««  Chapter  II)  ia  also  plotted. 

The  .results  for  vertical  polarization  arc  shown  in  Fig.  12a-h  (the 
figures  are  llated  in  order  of  increasing  *all  area).  Measured  crocs 
sections  agree  best  with  the  theory  for  the  larger  walls  and  for  angles 
of  incidence  between  10*  and  20*;  cross  sections  for  sealler  walls  were 
well  above  the  theory  for  all  angles  of  incidence.  This  nonagreewent  la 
largely  due  to  the  inapplicability  of  the  theory,  and  wiU  be  explored  in 
a  awment.  Note  first  that  a  pronounced  knee  effect  Refs.  2,3,6  does  not 
occur  for  sw>st  of  the  cases,  even  though  it  la  predicted  by  the  theory. 
However,  one  does  note  a  tendency  for  decreased  low-angle  scatter  for  the 
larger  walla.  Actually,  any  apparent  absence  of  the  knee  ia  probably  due 
to  experlaental  error,  ns  discussed  in  Chapter  IV.  According  to  that  anal 
ysls,  one  should  drop  the  experiaenta!  points  occurring  below  t  ■  15*  by 
perhaps  3  db  nr  nore.  Also,  as  the  wall  arcs  is  atade  saallcr,  these  point 
should  Ik?  dropped  anre;  it  is  difficult  to  Coleraine  the  exact  aaount  of 
the  drop,  but  one  alght  be  guided  by  the  shapes  of  the  theoretical  curves 
and  place  the  experlaental  points  on  a  line  parallel  to  the  theory.  (For 
the  larger  wa.ls,  this  practice  is  verified  after  noting  siailar  experi¬ 
ment  -  theory  curve  shapes  for  horizontal  polarization--*. g. ,  Fig.  12J.  How 
ever,  as  it  is  difficult  to  apply  any  theory  to  the  saaller  walls,  one 
cannot  adjust  the  data  points  strictly  in  the  above  fashion.)  Note  that 
points  for  t  »  20*  should  not  be  dropped,  except  perhaps  1  or  2  db  for 
the  5-  and  10-ft  high  walls;  for  these  wall  heights  the  positive  errors 
will  be  greater,  even  for  t  ■  20*.  Moreover,  negative  errors  caused  hv 
horizontal  obliquity  will  be  negligible  for  the  10-ft-wide  walls,  since 
the  waves  f row  the  vertical  wall  edges  are  only  about  4*  out  of  phase  with 
those  fro«  the  center.  In  light  of  these  required  data  adjuatcents,  it  is 
therefore  very  probable  that  the  knee  effect  does  occur,  as  predicted  by 
the  theory. 

Figure  12b  shows  the  cross  sections  for  the  10-  by  10-ft  dry  wall 
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ret  wall,  vertical  i.  20-  by  20*ft  dry  wail;  horlior.tnl  J.  20-  by  20*ft  wet  wall,  horizontal 


polarization  polarisation 

FIO.  12.  CROSS  SiCTlOttS  VS  ANGLE  Of  IRCinF.VCE  FOR  VARIOUS 
SIZES  ASD  COXDITIOKS  Of  WALLS  COMPARED  TO  THIX3RY . 
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cospared  to  the  results  for  the  sase  vail  covered  vith  chicken  viro.  The 
theoretical  curve  for  the  chlcken-vire  case  assumes  that  R^  *  0.328,  as 
derived  in  froe-spacc  seasuresent.  As  will  be  seen  from  the  results  for 
horizontal  polarization,  this  value  seems  a  little  lov;  furthermore,  cross 
sections  deviate  froa  theory  for  both  cases  by  about  the  same  amount. 
Theroforo,  It  again  seems  probable  that  the  (the  dry  wall's  reflection 
coefficient)  la  also  lov.  in  any  case,  results  at  t  ■  20*  are  most  ac¬ 
curate,  and  at  this  angle  the  chicken  wire  Increased  the  10-  by  10-ft  dry 
wall's  cross  section  by  a  factor  of  7.32,  or  8.63  db. 

Figure  12c  shown  the  cross  sections  for  the  10-ft-hlgh  by  20-ft-wide 
dry  wall  compared  to  the  results  for  the  same  wall  with  four  vertical  metal 
"supporting"  rods  inserted  every  6.3  ft.  The  shapes  of  the  curves  are 
quite  dissimilar  since  the  cross  sections  for  the  dry  wall  were  quite 
small,  and  experimental  errors  were  therefore  large  (see  Chapter  IV). 

In  light  of  these  errors  It  will  be  more  Instructive  to  compare  the  two 
cases  at  t  ■  10*;  tho  error  caused  by  non-phase-constant  Eg  should  be 
the  same  for  tho  two  cases.  The  horizontal  obliquity  error  should  be 
larger  for  the  swta)  rod  rase,  however,  since  the  rods  are  the  primary 
source  of  scatter,  and  50  percent  of  the  target  Is  therefore  concentrated 
at  the  horizontal  extremities  of  the  20-ft-wide  wall.  Nevertheless,  assume 
that  the  errors  are  identical,  since  the  difference  Is  probably  not  very 
large.  The  mewal  rods  then  give  an  lncreaso  In  cross  section  of  about  2.7, 
or  4.3  db,  over  the  dry  wall  without  the  rods. 

Only  two  curves  (Fig  121-j)  were  obtained  for  horizontal  polariza¬ 
tion,  since  It  was  very  difficult  to  detect  any  nonrandom  perturbations 
in  the  background  field  for  this  polarization  until  the  20-  by  20-ft  wall 
size  was  reached  (the  15-  by  20-ft  wall  was  not  measured).  Small  cross 
sections  were  predicted  by  Steele  (Refs.  6,11 )  and  Wetzel  (Ref.  7l  for 
horizontal  polarization;  however,  results  for  seal ler  val Is,  using  vertical 
polarization,  show  that  cross  sections  were  much  higher  than  predicted  and 
it  might  be  expected  that  the  same  would  be  true  of  horizontal  polarization. 
To  Investigate  this,  curves  for  horizontal  polarization  (based  on  Wetzel's 
theory)  are  shown  in  Fig.  13.  Comparison  of  these  theoretical  curves  with 
those  for  vertical  polarization  for  the  smaller  walls  shows  that  cross 
sections  for  angles  of  incidence  to  20*  are  considerably  less  than  those 
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for  vertical  polarization  until  the  larger  walla  are  achieved  Steele 
Ref.  6  found  those  samo  tendencies  for  a  half-ware  dipole,  as  shewn  in 
Table  5.  This  occurs  since  the  major  portion  of  illumination  on  the  wall 
reached  only  its  uppermost  parts— as  seen  in  the  function  of  horizontal 
illumination  factor,  1^  ,Ref.  4,  p.  21 1.  In  other  words,  horizontal 
cro*.,  section*  increase  very  rapidly  with  Increased  vertical  deviations  of 
scaitorers  fror.  zero  height  [Ref.  11 J.  Therefore,  it  is  reasonable  to 
predict  that  if  actual  cross  sections  deviate  from  the  theory  for  smaller 
walls,  the  tendency  will  be  the  same  ar  for  vertical  polarization— as  in¬ 
dicated  in  the  results  for  the  largest  wall  — after  taking  into  account 
experimental  errors  (Chapter  IV). 

Figures  121  and  12J  indicate  that  random  errors  in  data  reduction 
aro  relatively  small,  since  the  data  points  are  parallel  to  smooth  curves. 
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FIC.  13.  PfEORETICAL  CROSS 
SECTIONS  VS  ANGLE  OF 
INCIDENCE  FOR  SMALLER 
WALLS  USING  HORIZONTAL 
POLARIZATION. 


Referring  to  Fig.  12J  and  after  taking  into  account  the  negative 
errors  occurring  for  horizontal  polarization,  the  theory  is  closely  real¬ 
ized  for  the  20-  by  20- ft  wet  wall.  However,  there  are  larger  deviation? 
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TABLE  3.  COMPARISON  OF  SCATTER  FROM  A  HALF-WAVE  DIPOLE  AND  A 

20-  BY  20- FT  DRY  WALL 


Cross  Section  at  t  *  10* 

Target 

Free-Space 

Cross  Section 

(■2) 

Horizontal 

Polarization 

(.’> 

Vertical 

Polarization 

(•2) 

\/2  dipole 

118 

4  (h  -  4  ft) 

20  (h  -  12  ft) 

33 

20-  by  20-ft 
dry  wall 

10.33 

0.33 

3.73 

froa  tho  theory  for  the  20-  by  20-ft  dry  wall  (Fig.  121 ),  especially  for 

higher  angles  of  Incidence.  Note  that  In  Fig.  12f,  cross  sections  for 

vertical  polarization  realize  the  theory  quite  closely  for  higher  angles 

of  incidence;  furtheraore,  for  these  angles,  it  was  seen  that  errors  caused 

by  a  non-phase-constant  scattered  field  were  a  alnlaua.  Again,  however,  wo 

note  that  when  tho  sane  size  wall  was  dry,  cross  sections  were  higher  than 

theory  for  the  saao  angles  of  incidence  (Fig.  12e).  Free-space  results 

gave  similar  experimental  deviations  froa  the  theory  for  the  wall  which 

was  measured  both  wet  and  dry.  Therefore  it  is  suggested  that  either 

R  is  too  large  or  R  .  is  too  snail.  The  latter  seeas  more  likely, 
rw  wd 

since  tho  conductivity  of  the  wet  aaterial  is  higher  and  therefore  the 
holes  in  the  bricks  probably  do  not  affect  the  reflection  coefficient  of 
tho  wet  walls  as  auch. 

It  will  be  of  interest  to  coaoare  measured  results  to  those  predicted 
by  theory,  as  was  done  for  free-space  cross  sections.  The  angle  t  for 
which  this  coaparlson  should  be  Bade  oust  be  chosen  in  light  of  all  pos¬ 
sible  orrors  in  both  theory  and  experlaent.  Although  phase  errors  ir.  I 
arc  loss  at  higher  angles,  so  are  most  cross  sections,  and  hence  experi¬ 
mental  errors  are  greater.  The  change  in  R^  with  angle  of  incidence  was 
neglected;  this  error  will  be  greatest  at  higher  angles  of  incidence.  Also 
t  cannot  be  too  snail,  since  deviations  froa  the  correct  curve  shape  are 
even  greater  at  t  ■  10*.  The  coaparlson  will  therefore  be  aado  at  t  ■  13 
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Fieuro  14a  chows  cB( cxperi ■ant )/ffB( theory )  va  kh  plotted  on  log-log 
scale*  for  t  ■  15*  and  for  the  free-space  measurements;  h  Is  the  vail 
height.  There  are  four  values  of  kh,  corresponding  to  the  four  different 
vail  heights.  The  points  occurring  for  each  of  these  four  values  were 
averaged  and  plotted  in  Fig.  14b.  A  straight  line  of  best  fit  vas  drawn 
along  thoso  points  and  was  transferred  to  Fig.  14a  for  cosparison.  The 
curve's  s.opo  is  -2.53;  if  extrapolated,  it  would  intersect  the  ordinate 
<JB(oxporiaent)/an(  theory)  "1  at  kh  a  5,  This  curve  may  not  be  accurate 
near  this  point -- indeed  the  line  only  represents  a  first-order  estiaatlon 
of  low  kh  cross-section  behavior. 
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a.  All  points  b.  Points  averaged 

FIG.  14.  GRAPH  OF  a  (EXPERIXENTj/ff  (THEORY/  VS  kh  PLOTTED 
ON  LOO-LOO  SCALES.  BPolnts  are  for  free  space  and  t  ■  13*. 


Note  (Fig.  14a)  that  the  free-space  points  fall  above  the  line  and 
aost  of  the  15*  points  fall  below  the  line.  Also  note  that  if  the  wall 
were  considered  to  bo  grounded,  the  free-space  points  wot. Id  fall  even 
further  away  froa  the  line  (highcr)--therefore,  the  assumption  ^Chapter 
VI)  that  the  wall  is  Insulated  froa  the  ground  is  again  Justified. 

It  could  be  of  future  interest  to  plot  the  points  froa  Fig.  14n  vs 
the  corresponding  wall  area,  rather  than  kh,  as  was  done  in  Fig  11 
Therefore,  each  of  the  values  for  <JB(experlaent)/ffB( theory)  were  plotted 
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vs  the  vail  area.  For  each  of  the  five  vail  areas,  these  values  vere 
averaged  (as  In  Pig.  14b),  and  the  average  was  alao  plotted  vs  the  vail 
ares  (Fig  15).  Since  the  theoretical  crosa  aectlons  are  proportional  to 
'area  ,  and  a  line  of  best  fit  aaong  the  points  has  a  alope  of  -1.57,  it 
Is  now  suggested  thst  actual  croas  sections  Bay  also  be  proportional  to 

O 

(area  for  low  kh.  This  Is  probably  a  Bore  accurate  estlaate  than  that 
gained  froa  Fig  11,  since  aore  data  polnta  are  Involved  In  Fig  15. 
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FIG  15.  GRAPH  OF 

ffD(  EXPER I XEXT  )  h  B(  Til  EORY  ) 
VS  AREA  Or  WALL  PLOTTED  OS 
LOG-LOO  SCALES  FOR  FREE 
SP.'CE  AND  t  -  15*. 
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VIII.  BACKS CATTER  FROM  BUILDINGS  AND  CITIHS 


In  the  following  analysis  vertical  polarization  will  be  nssuned ,  un¬ 
ions  otherwise  indicated,  since  cross  sections  for  the  targets  concerned 
wero  very  such  loss  for  horizontal  polarization.  Furthcraore,  the  anglo 
of  incidence  t  will  he  assuued  to  be  15*  unless  otherwise  specified, 
since  reference  will  be  eade  to  Fig.  14b.  The  frequency  is  as  nmed  to  be 
25.0  Wlz,  although  at  tlaes  possible  cross-section  behavior  aay  be  con¬ 
sidered  at  lower  frequencies. 

Figure  16  was  taken  froa  previous  work  done  by  Stoele  [Ref.  6,  p.  2G  . 
Cross  sections  obtained  for  the  20-  by  20-ft  wet  wall  (both  polarizations) 
are  also  shown  for  coaparlson.  It  is  Interesting  to  note  that  for  lower 
angles  of  incidence  the  cross  sections  for  the  wall  were  higher  than  those 
for  the  tree.  Moreover  the  knee  effect  for  vertical  polarization  is  not 
as  pronounced  for  the  wall.  For  angles  of  Incidence  between  10*  and  15*, 
the  vertical  cross  sections  for  the  wall  and  tree  were  about  the  saae. 


ANGLE  OF  ELEVATION  y  (dtg> 

PIO.  16.  CROSS  SECTIONS  FOR  VARIOUS  LAND  TARGETS. 
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Comparison  of  tho  cross  sections  obtained  for  the  20-  by  20-ft  dry 
wall  with  those  obtained  by  Steele  for  a  large  oak  tree  shows  that  the 
tree's  cross  sections  were  1  to  2  db  larger  than  the  wall's. 

Now,  doflne  an  "average"  wall  to  be  30  ft  high  and  60  ft  vldf.  At 
25.9  IfU,  tho  theory  was  nearly  applicable  to  the  20-  by  20-ft  wall,  so 
ono  may  estimate  the  cross  section  of  the  30-  by  60-ft  wall  to  bo  13  db 
higher. 

Let  us  now  construct  a  building  with  four  such  wall*.  Assuming  that 
this  building  la  randomly  oriented,  Its  cross  section  will  be  about  3  db 
lesa  than  tho  averago  wall's,  for  which  the  vertical  plane  of  Incidence 
was  normal  to  the  wall  [Ref.  7]. 

It  will  be  rather  difficult  to  define  the  dlmenslona  of  an  average 
building,  since,  as  seen  above,  the  theory  does  not  apply  for  buildings 
with  heights  smaller  than  l/2  wavelength  or  so;  in  fact,  cross  sections 
are  then  even  higher  then  predicted.  Moreover,  Wetzel  poln  out  that 
the  decrease  In  a  building's  cross  section  due  to  random  orientation  is 
dependent  upon  its  dimensions — the  3-db  decrease  applies  to  buildings  with 
dimensions  of  the  order  of  a  wavelength;  larger  buildings  will  tend  to 
produce  more  directive  scatter,  and  honce  will  havo  smaller  relative 
cross  sections  when  randomly  oriented.  Let  the  average  building  be  de¬ 
fined  as  above,  with  the  understanding  that  moat  houses  will  be  smaller, 
but  that  apartment  complexes  and  most  "downtown"  structures  tend  to  be  as 
big  or,  usually,  larger. 

Next,  consider  the  effects  of  structural  supports  and  chicken-wire- 
covered  structures  such  as  plaster  houses  and  buildings.  It  vss  found 
that  vertical  metal  supporting  rods  added  4.3  db  to  a  wall's  croas  section. 
The  chicken  wire  added  8.65  db  to  the  10-  by  10-ft  wall's  cross  section. 
Since  this  was  most  likely  caused  by  an  increase  In  reflection  coefficient, 
the  same  figure  would  apply  to  any  size  wall.  Assume  (conservatively)  that 
a  5-db  increase  in  a  building's  cross  section  occurs  due  to  chlckon-wlre- 
covered  structures  and/or  metal  supports  usod  in  construction. 

We  havo  now  arrived  at  the  important  (but  somewhat  approximate)  result 
that  a  60-f t-square  by  30-ft-hlgh,  randomly  oriented,  dry  cement  (average) 
building  will  havo  a  cross  section  at  25.9  MHz  (-2  ♦  13  -  3  ♦  5)  ■  13  db 
higher  than  the  large  oak  tree  measured  by  Steele.  Although  most  troos 
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are  smaller  than  Steele's  tree  .Kef.  6.,  a  tree’s  cross  section  Increases 
roughly  proportional  to  (height)  [Ref.  4,,  and  forested  areas  usually 
contain  a  large  proportion  of  trees  larger  than  Steele's  tree.  Therefore, 
assure  that  the  large  oak  tree  neasured  by  Steele  represents  an  "average" 
tree.  Hence,  an  average  building  has  a  cross  section  about  13  db  larger 
than  an  average  tree  at  25.9  MHz.  The  results  obtained  by  Steele  end 
Oarnua  Ref.  A,  p.  46]  ahow  that  the  largest  free-space  cross  section  ob¬ 
tained  for  a  tree  was  approximately  3  db  larger  than  that  for  the  tree 
measured  by  Steele;  it  Is  believed  that  the  tree  with  the  larger  cross 
section  was  close  to  a  resonant  length  and  therefore  represents  one  of  the 
largest  cross  sections  one  would  expect  to  measure  for  normal  size  trees. 
The  average  building  has  a  cross  section  10  db  higher  than  this  tree  at 
25.9  Wlz. 

Note  that  at  lower  frequencies  the  random  orientation  of  buildings 
will  cause  a  smaller  decrease  in  a  building's  cross  section,  since  tho 
walls  will  produce  less  directive  scatter.  Moreover,  tree  cross  sections 
should  decrease  very  rapidly  for  lengths  below  l/8  wavelength  (or  so) 

[Ref.  4,  pp.  29,  31,  59].  Therefore,  we  may  expect  that  buildings  would 
produce  significantly  more  scatter  at  lower  frequencies,  although  It  Is 
difficult  to  Infer  from  Fig.  14a  that  low-frequency  (low  kh)  behavior 
Is  actually  as  approximated.  Moreover,  a  dependence  on  building  width 
was  not  deduced. 

An  /I tempt  to  generalize  the  above  comparisons  for  a  single  tree  and 
a  single  building  to  scatter  from  cities  and  forests  could  prove  fatal, 
since  the  distribution  of  upright  targets  on  an  arbitrary  terrain  varies 
so  widely;  moreover,  It  has  not  yet  been  proven  that  land  backscatter  does 
Indeed  result  from  such  upright  targets.  One  can,  however,  make  the 
following  observations. 

Since  trees  and  street  lights  in  cities  are  usually  spaced  much  less 
than  a  wavelength  from  buildings  and  houses  (effectively  closer  at  lower 
frequencies),  their  effect  may  be  likened  to  that  caused  by  supporting 
structures  In  the  buildings.  One  may  therefore  expect  an  additional  In¬ 
crease  In  the  cross  section  of  a  building  that  includes  street  lights 
since  a  street  light  was  found  to  have  a  free-space  cross  section  about 
8  db  larger  than  the  "average"  tree’s  [Ref.  4,  p.  47  . 
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Although  horizontal  scatter  fro»  trees  and  buildings  is  much  smaller 
than  that  for  vertical  polarization,  at  low  angles  of  Incidence  one  may 
probably  expect  more  horizontal  scatter  froe  cities  as  a  result  of  power 
lines.  This  will  be  especially  true  at  higher  frequencies.  For  oxasplo, 
assuae  an  average  line  height  of  40  ft.  The  effectiveness  of  power  and 
telephone  lines  will  depend  upon  their  helght-f rom-ground ^wavelength  ratio 
At  particular  heights,  the  path  difference  between  direct  and  ground  re¬ 
flected  rays  is  such  as  to  cause  total  field  cancellation  at  the  line 
Assuming  that  R^  ■  -1  for  horizontal  polarization,  it  aay  be  seen  from 
geometrical  considerations  that  total  cancellation  occurs  for 


h 


L 


n\ 

2  sin  ♦ 


n  ■  0,  1 ,  2,  . . . 


where  h^  is  the  line  height.  Assuae  that  6.S  KHz  la  the  frequency  used; 

then  X  ts  150  ft  and  \/(2  sin  15*)  ■  289  ft.  Or,  at  h  ■  145  ft,  com- 

plete  constructive  Interference  occurs.  Since  most  lines  are  about  40  ft 
high,  and  both  and  B^  are  equally  af fee* the  line's  effective 

cross  section  compared  to  its  maximum  is  given  by 

(fln(l55  *  f)j  X  10°*  "  3<1^  (25) 

This  is  quite  small  and  results  in  probable  negligible  scatter  from  lines 
at  this  frequency,  although  many  lines  are  several  wavelengths  long. 

At  25.9  Wz,  on  the  other  hand,  a  similar  analysis  at  t  ■  15*  shows 

that  scatter  will  be  95  percent  effective  from  lines  40  ft  high. 

2 

Since  cross  sections  of  lines  are  proportional  to  (length)  ,  one  may 
expect  significant  horizontal  scatter  from  cities  at  higher  HF  frequencies; 
however,  the  actual  scattered  power  will,  of  course,  also  be  a  function  of 
the  line's  gain  pattern.  See,  for  instance,  Ref.  14. 

Finally,  note  that  rows  of  buildings  are  us  tally  spaced  in  a  fairly 
regular  fashion — corresponding  to  a  typical  street  map.  One  would  there¬ 
fore  expect  a  backscatter  signal  enhancement  at  frequencies  for  which  con¬ 
structive  interference  occurs  between  reflections  from  adjacent  rows.  The 
"effective"  row  spacing  is  equal  to  D[(cos  t)/(sin  0)  ,  where  D  is  the 
actual  spacing,  ♦  is  the  angle  of  incidence,  and  0  is  the  argle  between 
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rays  and  rows.  Constructive  interference  occurs  for  offectivo  row  spacings 
eqaal  to  multiples  of  l/2  wavelength.  The  offect  will  not  occur  in  forested 
arc an  sinco  trees  are  usually  positioned  randomly.  Tho  signal  enhancement 
effect  would  probably  be  noticod  providing  tho  city  is  very  large  or  Is  iur- 
rounded  by  vory  small  trees  or  open  country 

Scatter  from  a  largo  area  containing  many  trees  or  buildings  will  bo 
reduced  by  tho  "shadowing"  of  adjacent  targots  by  their  neighbors.  Wetrel 
(Ref .  7  predicts  that  this  effect  will  be  greater  for  clusters  of  buildings. 

Although  an  average  building's  cross  section  may  be  two  orders  of  mag¬ 
nitude  larger  than  that  for  an  average  tree,  a  particular  illuminated  area 
would  probably  contain  many  swre  (perhaps  more  than  100  tlows)  trees  than 
buildings.  In  light  of  this  probability  and  the  shadowing  effect,  It  still 
appears  that  *rees  are,  in  general,  the  primary  source  of  ground  backscatter, 
if  Indeed  such  scatter  results  from  upright  ground  targets,  When  there  is 
prior  knowledge  of  an  Illuminated  target  area,  ono  might  perhaps  verify  this 
prediction  from  records  containing  signal  enhancements  at  particular  fre¬ 
quencies.  If  signal  enhancements  are  large  for  a  particular  study,  it  is 
very  probable  that  city  scatter  is  predominating. 


IX.  PROOE  SYSTEM:  MODIFICATIONS  AND  RECOMMENDATIONS 


Since  the  probe  ays  ten  described  by  Steele  and  BarnuJ  [Ref.  4  is 
rather  unique,  It  la  worthy  of  comment  with  regard  to  general  applications. 
A  block  diagram  of  the  system  Is  repeated  In  Fig.  17;  detailed  doslgn  In¬ 
formation  has  been  given  In  Ref.  4. 


PROBE  SYSTEM 


FIC.  17.  BLOCK  DIAGRAM  OF  PROBE  SYSTEM. 


Most  Important,  Steele  and  Barnum  were  able  to  conclude  that  the  probe 

was  too  small  to  upset  the  fields  being  measured,  In  the  vicinity  of  Of 

lllualnated  targets.  This  fact  referred  to  the  probe's  froe-space  radar 

2 

cross  section  which  Is  less  than  0.1  m  .  It  was  not  possible  to  measure 
this  low  a  value,  but  It  may  be  deduced  through  reference  to  cross  sections 
obtained  for  cylinders  In  froe  space  Ref.  4,  pp.  29,  31,  59  .  Then,  since 


<7 


B 


4nr 


2 


(26) 


wo  find  that  E  (r  ■  10  m)  <  1  percent  of  E  (at  the  probe).  Hence,  If 

8  X 

one  woro  10  meters  away  from  a  reflecting  targot,  the  resultant  scattered 
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field  would  be  lots  then  1  percent  In  error.  This  error  will  bo  *oss  if 
the  renge  dependence  of  the  fields  la  faster  than  l^r,  which  will  bo  true 
in  most  instances  near  the  ground.  The  error  eight  be  greater  if  the  probe 
receives  s»ro  illuaination  froa  the  transaitter  than  the  field  point  10 
aoters  away.  At  the  probi's  position,  perhaps  a  10-percent  error  exists. 
However,  if  the  probe's  polarization  is  aaintalned  constant  relative  to 
the  transacting  antenna,  the  error  is  also  constant;  it  la  therefore  in¬ 
consequential  since  only  relative  fiold  values  are  Measured 

The  telemetering  antenna  was  found  to  introduce  a  slight  constant  at¬ 
tenuation  to  the  fields  being  aeasured  iRef.  4  .  An  analysis  similar  io 
the  above  showa  that  its  reradlation  is  negligible  since  its  size  was 
amaller  than  the  probe. 

For  general  applications,  the  telemetering  antenna  should  be  made 
smaller,  through  more  efficient  matching,  and  mounted  perpendicular  to  the 
sensing  antenna.  Better  still,  since  nonconstant  field  interference  could 
still  occur  (with  arbitrary  probe  orientations),  a  very  high  telemeter 
frequency  could  be  chosen,  and  duplexing  would  then  be  possible.  With  this 
method,  different  probe  orientations  would  not  affect  the  attenuation  caused 
by  the  close  proximity  of  the  probe  sensing  and  telemetering  antenna <. 

Since  the  probe  system  was  constructed  rather  hurriedly,  it  was  found 
later  that  othor  improvements  could  be  made.  A  few  comments  regarding 
these  laiprovements  are  in  order. 

A  smaller  probe  sensing  antenna  would  cause  less  field  upset  In  the 
vicinity  of  the  probe,  but  would  also  create  less  polarization  discrimi¬ 
nation.  The  latter  effect  coulu  be  decreased  by  reducing  the  size  of  the 
center  box  used  for  equipment  housing.  In  general,  construction  practices 
and  sir©  limitation  will  bo  a  function  of  the  desired  applications. 

Further  Improvements  can  be  made  in  the  systom  gain  magnitude  and 
s'abiltty,  telemeter  null  width  and  depth,  transmitter  output  control,  and 
telemeter  AOC  voltage  monitoring. 

System  gain  Is  primarily  achieved  in  the  probe  amplifier.  A  first 
step  would  be  to  match  the  probe  antenna  to  the  amplifier  input  more  ef¬ 
ficiently.  Increasing  the  gain  of  the  probe  amplifier  without  proner  at 
tentlon  paid  to  amplifier  stsbillty  would  be  disastrous.  Also,  taro  should 
bo  takon  not  to  Increase  the  smpllfler  noise  figure,  since  noise  will 
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contribute)  to  output  Magnitude  uncertainty,  which  in  turn  will  decrease 
ays  tea  accuracy  due  to  AGC  null  broadening. 

There  are  two  primary  causes  of  amplifier  drift:  (l)  battery  run¬ 
down,  and  (2)  temperature  changes  caused  by  component  Joule  heating  and 
aablent  temperature  variations.  The  present  scheae  employs  theralstor 
compensation  to  achieve  toaperriere  stability  over  a  rather  small  tetsper- 
oturo  range;  mercury  bntteric  <■<  *e  used  since  they  have  the  most  constant 
output  vs  time  characteristics.  It  was  found  that  temperature  variations 
were  wide  enough  (on  some  days)  to  cause  a  monotonic  gain  drlft--thls  la 
negligible  If  readings  are  taken  over  a  short  period  of  time,  say  IS  min¬ 
utes.  For  longor  measuring  times,  or  If  day-to-day  comparisons  are  de¬ 
sired,  some  standard  reference  readings  saist  be  taken  periodically  which 
may  be  used  to  normalize  sets  of  relative  field  readings.  In  other  words, 
the  nul 1- producing  probe  field  might  change  with  time  (temperature). 

If  more  gain  were  achieved,  or  if  wide  temperature  changes  arc  antic¬ 
ipated,  It  appears  that  a  negative  feedback  scheao  would  be  most  desirable, 
since  a  change  In  gain  of  0.)  db  Is  very  noticeable.  Therefore  it  would  be 
useful  to  design  a  high  gain  amplifier,  possibly  using  FET's  as  the  active 
elements,  employing  low-frequency  feedback,  and  preceded  with  a  stagger- 
tuned,  maximally  flat  narrowband  filter  tuned  to  the  desired  frequency. 

A  bandwidth  of  180  kjtr.  (achieved  with  cascaded  signal- tuned  circuits)  proved 
adequate  In  the  author's  system.  However,  If  adjacent  channel  interference 
Is  anticipated,  or  a  particularly  noisy  target  area  Is  under  study,  a  more 
narrow  bandwidth  would  be  necessary.  The  maximally  flat  filter  would  then 
be  helpful  in  decreasing  errors  due  to  possible  transmitter  frequency  and 
filter  component  drifts.  As  the  gain  Is  raised  and  more  feedback  used, 
more  stable  amplifier  conditions  result.  However,  the  input  Impedance  will 
also  go  down  with  more  feedback--hence  filter-matching  problems  will  go  up. 

A  maximally  flat  notch  filter  In  the  feedback  loop  might  then  be  helpful 

The  telemeter  could  be  first  Improved  by  Increasing  Its  RF  output  and 
by  matching  the  telemetering  antenna  to  the  transmitter  output  (after  per¬ 
haps  decreasing  antenna  length).  This  would  increase  the  effective  range 
of  tho  system  and  would  place  the  null  depth  above  the  local  noise  level 
under  swre  adverse  conditions.  With  the  present  system  (using  a  4  ft 
telemetering  antenna  mounted  4  ft  off  the  ground),  a  l/4-mllc  range  proved 
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to  be  sbout  maximum,  It  was  found  empirically  that  as  bettor  matches 
wore  obtained  between  teloaeter  and  telemoter  antenna,  the  null  depth 
lowered,  thereby  decreasing  the  null  width  and  Increasing  the  accuracy  of 
the  systea.  The  surest  way  to  Increase  the  null  depth  Is  to  better  Isolate 
the  telemeter  oscillator  froa  the  output  amplifier  which  follows  the  gate 
Furthoraore,  tho  gate  should  be  designed  to  eliminate  stray  coupling  and 
leakage  current *-->whlth  occur  betwoen  gate  Input  and  output  wiring  and 
across  the  gate  diodes.  Finally,  aenns  should  be  provided  for  obtaining 
a  more  balanced  Input  to  the  gate. 

Onco  the  probe  systea  accuracy  Is  Increased,  It  will  be  necessary  to 
have  a  more  vornlered  transmitter  output  control;  for  decreased  null  width, 
tho  percent  change  required  In  transmitter  output  In  order  to  achieve  exact 
null  will  also  decrease.  Furthermore,  a  more  sensitive  meter,  biased  to 
the  proper  range,  could  be  used  for  telemeter  receiver  ACC  voltage  moni¬ 
toring.  In  fact,  up  to  a  certain  point  (which  depends  on  the  eyesight  of 
the  operator  and  the  noise  level)  as  this  meter  Is  made  more  sensitive, 
more  "effective"  null  depth  Is  achieved.  Above  all,  a  stable,  narrowband 
telemeter  receiver  should  be  used. 

General  uses  of  the  probe  might  Include  the  measurement  of  antenna 
patterns,  field  leakages  from  transmitter  buildings,  underwater  field  dis¬ 
tributions  (after  appropriate  equipment  housing  la  obtained),  polarisation 
discrimination,  ground  constants,  or  reflection  coefficients.  Kate  that 
these  measurements  can  be  made  at  only  one  frequency.  If  measurement*  at 
more  than  one  frequency  are  desired,  the  frequency  of  tho  probe  amplifier 
must  be  adjusted,  and  its  antenna  rematchod.  Care  must  then  be  taken  not 
to  approach  tho  telemetering  frequency  too  closely. 
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X.  CONCLUSIONS 


The  results  for  ceaent  brick  vail  cross  sections,  both  as  a  function 
of  vail  size  and  angle  of  Incidence  (Figs.  11  through  13),  and  in  free 
space  as  a  function  of  vail  size,  Indicate  that  corner  reflector  theory 
Is  closely  approximated  for  larger  vails  at  kh  >  5.  For  these  vails,  a 
knee  effect  Is  clearly  observed  for  vertical  polarization  but  vas  not  as 
pronounced  as  that  for  a  large  oak  tree;  this  suggests  that  scatter  fro» 
buildings  say  be  hlghor  than  that  from  trees  at  the  lover  angles  of  In¬ 
cidence.  For  smaller  valla,  the  knee  vas  not  observed  but  vill  still  occur 
In  light  of  experimental  errors  for  lover  angles  of  Incidence.  Dackscatter 
vas  not  awasurable  for  horizontal  polarization  until  the  largest  vail  vas 
reached;  for  each  ^articular  target,  vertical  cross  sections  vere  alvays 
higher  than  those  for  horizontal  polarization. 

Results  for  free-space  cross  sections  shov  thst  for  saallor  vails 
cross  sections  siay  be  proportional  to  area  rather  than  to  (area]  ;  later 
results  at  different  angles  of  Incidence  suggested  that  these  cross  sections 
■ay  actually  be  proportional  to  (area)  .  For  0.8  <  kh  <  5.0,  cross  sections 

I / 

also  appear  to  be  roughly  proportional  to  (frequency)  ,  rather  than  (fre¬ 
quency)2. 

A  3C-ft-hlgh  by  60-f t-square,  dry,  randomly  oriented  building  should 
have  a  cross  section  13  db  larger  than  a  tree  vith  a  trunk  17  ft  high  and 
4  ft  vide,  at  25.9  Mlz. 

Consideration  of  other  city  targets,  primarily  pover  lines,  suggests 
that  horizontally  polarized  scatter  should  be  larger  from  cities  than  from 
forests,  primarily  at  the  upper  end  of  the  HF  spectrum. 

Since  trees  far  outnumber  buildings  In  large  areas  Illuminated  by  I1F 
radar,  trees  may  be  the  primary  source  of  vertically  polarized  ground  back- 
scatter.  This  prediction  might  be  verified  by  noting  that  backscatter  sig¬ 
nal  enhancements  from  cities  should  occur  as  a  result  of  constructive 
interference  betveon  reflections  from  adjacent  rovs  of  buildings.  For  a 
particular  backscatter  record,  the  magnitude  of  these  enhancements  might 
provide  an  Indication  of  a  city's  radar  effectiveness,  if  targets  on  the 
lllur.lnated  land  area  verc  knovn. 
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Future  work  Bight  Include  the  measurement  of  cross  sections  of  long 
lines  st  different  angles  of  Incidence  and  at  different  aspect  angles 
Other  land  targets.  If  Isolated,  could  also  provide  useful  Information 
It  mould  be  Interesting  to  obtain,  at  s  lower  frequency  as  compared  to  26 
Mix,  information  regarding  low  kh  cross-section  behavior  of  malls  and 
other  targets. 
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It  is  becoming  sore  apparent  that  a  fair  proportion  of  high-frequency  backscatter 
f roe  level  portions  of  the  earth's  surface  results  f roe  upright  targets  such  as  trees 
and  buildings.  Using  the  standing-wave  method,  at  26  KHz,  trees  have  *  .en  investi¬ 
gated  at  angles  of  incidence  (with  respect  to  the  horizontal)  up  to  22.5*.  It  was 
found  that  a  tree  way  provide  significant  scatter. 

The  present  undertaking  was  to  measure— by  the  same  technique—backscatter  from 
cement  walls  of  different  sizes  and  conditions  at  26  MHz.  Using  a  balloon-borne 
transmitting  antenna  and  telemetering  probe,  cross  sections  for  both  horizontal  and 
vertical  polarization  were  obtained  for  angles  of  incidence  between  2.5*  and  22  5*. 
Magnituc'b*  of  cross  sections  were  much  greater  for  vertical  polarization  at  lower 
angles  of  incidence 

For  angles  of  incidence  other  than  broadside,  but  with  the  radiation  perpendicular 
to  the  intersection  of  the  wall  and  the  ground,  the  wall-ground  combination  behaved 
as  a  corner  reflector;  the  experimental  results  for  larger  walls  showed  agreement  with 
the  corresponding  theory.  Subsequent  extrapolation  of  the  theory  suggests  that  build-] 
lngs  may  have  cross  sections  much  higher  than  trees. 

A  comparison  of  wall  scatter  to  that  from  a  large  oak  tree,  and  consideration  of 
other  city  targets,  suggests  that  at  low  angles  of  incidence  horizontally  polarized 
scatter  should  bo  larger  from  cities  than  from  forests,  primarily  at  the  upper  end  of 
the  HF  spectrum.  Although  an  average  building  may  have  a  cross  section  as  much  as  16 
db  larger  than  that  for  an  average  tree,  trees  far  outnumber  buildings  in  the  large 
areas  illuminated  by  HF  radar;  therefore,  trees  may  be  the  primary  source  of 
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vertically  polarized  ground  backacatter.  A  knee 
was  observed  In  the  curves  for  cross  section  vs 
angle  of  Incidence;  however,  the  knee  was  not  as 
pronounced  for  the  wall  as  that  occurring  for  a 
largo  oak  tree.  This  variance  suggests  that 
scatter  from  buildings  may  be  higher  than  that 
from  trees  at  the  lower  angles  of  incidence. 

Backacatter  signal  enhancements  froa  cities  at 
particular  frequencies  might  provide  an  indlcatlo 
of  the  magnitude  of  building  scatter  froa  a 
partlculsr  target  area. 
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